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Abstract. [Purpose] The aim of this study was to understand the factors involved in increasing physical activity 
levels in type 2 diabetes mellitus patients for improved glycemic control. [Subjects] The subjects were 101 type 2 
diabetes mellitus patients who had completed an inpatient diabetes education program. [Methods] The survey eval- 
uated physical activity levels on the basis of the International Physical Activity Questionnaire and a questionnaire 
listing physical and psychosocial factors. [Results] Four variables — participation or non-participation in farm work, 
presence or absence of a job, stage of change in attitude toward exercise behavior, and social support — accounted 
for 34% of physical activity levels in these diabetes mellitus patients. The Spearman's rank correlation coefficient 
between physical activity level and HbAlc was -0.31. [Conclusion] Intervention in terms of practical use of living 
environments, promotion of exercise behavior, and social support may be effective in helping to improve glycemic 
control. 
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INTRODUCTION 

There is a global trend toward an increase in the inci- 
dence of diabetes mellitus. This trend is particularly strong 
for type 2 diabetes mellitus and is a major public health is- 
sue for the 21st century''. The main treatments for glycemic 
control in diabetes mellitus are diet therapy, exercise ther- 
apy, and pharmacotherapy, among which the importance 
of exercise therapy is now fully recognized. Increasing 
physical activity levels through exercise reduces the inci- 
dences of ischemic heart disease and stroke^' in diabetes 
mellitus patients and decreases all-cause mortality rates 
and mortality rates from ischemic heart disease^'**'. There- 
fore, increasing physical activity levels in diabetes mellitus 
patients is the most critical issue in exercise therapy. Diabe- 
tes education programs and team medical care supporting 
such interventions are important. From this perspective, we 
are helping our patients to take advantage of our inpatient 
diabetes education program to formulate lifestyle -modifi- 
cation plans aimed at glycemic control and complication 
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prevention and to gain motivation to put these plans into ac- 
tion. For this purpose, doctors, nurses, registered dietitians, 
pharmacists, clinical laboratory technologists, and physical 
therapists use their expertise to cooperate with specialists 
in other fields to support our patients. Since 2006, we have 
been using exercise therapy in group education sessions 
run by physical therapists. However, adequate guidance has 
not yet been provided for exercise therapy after discharge 
from the hospital, and this is a problem for our diabetes 
education program. The rate of implementation of exercise 
therapy is lower than that of other treatment methods^"^*. 
Factors affecting physical activity in diabetes mellitus pa- 
tients include physical factors*' such as age, sex, body 
mass index (BMI); psychosocial factors'' and life-relat- 
ed environmental factors'^'. Among these, the psychosocial 
factors (self-efficacy'^', behavioral modification, and social 
support) needed to deal with barriers to physical activity 
are considered particularly important to intervention in ex- 
ercise therapy'-''. Here, we examine the effects of physical 
and psychosocial factors on physical activity levels for gly- 
cemic control in diabetes mellitus patients who completed 
an inpatient diabetes education program. The aim of this 
fundamental study was to explore effective interventions in 
exercise therapy. 
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SUBJECTS AND METHODS 

Subjects 

Subjects were recruited from among type 2 diabetes 
mellitus patients who received outpatient treatment at the 
Department of Endocrinology, Tsuchiura Kyodo General 
Hospital (survey period, August 1, 2010, to September 30, 
2011). Eligible cooperative subjects were selected from 
among those patients who had participated in the inpatient 
diabetes education program at our hospital more than 6 
months before the start of the study, had not experienced 
any life events capable of greatly altering their lifestyle 
habits within the previous 6 months, and were not subject 
to any confirmable marked restrictions of physical activity, 
either physically or medically. A description of the purpose 
and method was provided to each subject, and the survey 
was conducted after participants had read and signed an 
informed consent form. The study protocol was approved 
by the Ethics Committee, Ibaraki Prefectural University of 
Health Sciences (acceptance number 393), and the Ethics 
Committee of Tsuchiura Kyodo General Hospital (accep- 
tance number 201). 

Methods 

We prepared a questionnaire listing physical and psy- 
chosocial factors and conducted a survey of consenting 
subjects by using interview and mailing methods. Physical 
activity levels were evaluated by using the short Japanese 
version of the International Physical Activity Questionnaire 
(IPAQ)'^l Energy consumption through exercise in 1 week 
(total physical activity-IPAQ; TPA-IPAQ) was calculated. 
The Japanese version of the IPAQ has been proved valid as 
a criterion for evaluating physical activity''- ""^ not only in 
healthy young to elderly subjects but also in diabetes mel- 
litus patients'^l Glycemic control was assessed by using the 
hemoglobin Ale (HbAlc) value (National Glycohemoglobin 
Standardization Program value) as of the date of the survey. 
Physical factors were assessed by inquiring about age, sex, 
BMI, the presence or absence of body pain (arthralgia de- 
veloping during exercise), and the presence or absence of 
an exercise habit. Psychosocial factors were assessed by in- 
quiring about self-efficacy (SE), stage of change in attitude 
toward exercise behavior (SOC), marital status, number of 
household members, presence or absence of a job, participa- 
tion or non-participation in farm work (ranging from home 
vegetable garden work to agriculture), and social support 
(SS). 

Body pain during exercise was identified by recogniz- 
ing the presence or absence of pain occurring in the limbs 
and trunk. A person who had an exercise habit was defined 
as "someone who does exercise for 30 min or more at least 
twice a week and continues that over 1 year", as defined in 
the National Health and Nutrition Survey of Japan, 2009, 
conducted by the Office for Life-Style Related Diseases 
Control, General Affairs Division, Health Service Bureau, 
Ministry of Health, Labour, and Welfare, Japan. Farm work 
was identified by the presence or absence of work activities 
ranging from home vegetable garden work to agriculture in 
daily life. SE was assessed by using the SE scale for health 



behavior in chronic disease patients, developed by Kim et 
al'^l This is a 24-item, 4-point scale ("not at all applicable," 
"hardly applicable," "somewhat applicable," or "very appli- 
cable"). The maximum score is 96. The scale is divided into 
2 subscales: "a. positiveness in disease-coping behavior (14 
items)" and "b. feeling of control over health (10 items)." For 
SOC, responses were assessed by using a 5-stage scale with 
reference to the scales used by Shimomitsu et al.'^^ and Oka 
et al^^'. That is, Precontemplation ("I don't exercise cur- 
rently, and I have no intention of exercising in the future"). 
Contemplation ("I'm thinking about starting exercise in the 
near future [in the next 6 months]"). Preparation ("I exer- 
cise currently, but not regularly"). Action ("I currently exer- 
cise regularly, but I only started within the past 6 months"), 
and Maintenance ("I currently exercise regularly, and I've 
been steadily exercising for more than 6 months"). Here, 
regular exercise was defined as "implementation of 20 to 
30 min of exercise at least 3 times a week." SS was assessed 
by using the social support scale developed by Kim et al.^'' 
for chronic-disease patients. This is a 20-item, 4-point scale 
("not at all applicable," "hardly applicable," "somewhat ap- 
plicable," and "very applicable"). The maximum score is 
80. The scale is divided into 2 subscales ("a. emotional sup- 
port in daily life", 12 items; and "b. behavioral support for 
disease," 8 items). 

Statistical analysis was performed as follows. For the 
correlation between the TPA-IPAQ and HbAlc, the Spear- 
man rank correlation coefficient was used. For the correla- 
tion between the TPA-IPAQ and a total of 10 variables (age, 
BMI, number of household members, total SE, SE subscale 
a and SE subscale b, total SS, SS subscale a and SS sub- 
scale b, and SOC), we used the Spearman rank correlation 
coefficient («). For sex, marital status, presence or absence 
of employment, presence or absence of body pain, pres- 
ence or absence of an exercise habit, and participation or 
non-participation in farm work, each variable was dichoto- 
mized, and the differences in the TPA-IPAQ between the 
two groups for each variable were examined by using the 
Mann-Whitney U-test. On the basis of the results of these 
analyses, to examine the variables showing significant cor- 
relations with the TPA-IPAQ, we performed a stepwise 
multiple linear regression analysis using the TPA-IPAQ as 
the objective variable. In selecting explanatory variables, 
variable deletion was performed in consideration of multi- 
collinearity after confirming the inner correlation between 
the variables. All the analyses were performed using IBM 
SPSS Statistics 18. Statistical significance was set at p < 
0.05. 

RESULTS 

Among the type 2 diabetes mellitus outpatients at our 
hospital who met the selection criteria and gave consent (n = 
115), 3 who submitted incomplete questionnaire forms and 
11 who gave no responses were excluded from the study. 
The final number of cooperative subjects was 101 (87.8%). 
The characteristics of the 101 subjects are shown in Table 1. 

A significant negative correlation was found between 
the TPA-IPAQ and HbAlc (ra = -0.31; p < O.OI). Exami- 
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Table 1. Breakdown ofphysii 


-•al and psychosocial factors ol 


'sLibjccls 


Factor 




N=101 


Age 


(meaniSD) 


61.4 i 10.6 (years) 


Sex 


(male/female) 


53/48 


BMI 


(meaniSD) 


24.4 i 4.U (kg/m'') 


Body pain 


(present/absent) 


44/57 


Exercise behavior 


(present/absent) 


60/41 


Marital status 


(married/single) 


83/18 


Number of liousehold members (mean±SD) 


3.3 i 1.5 


Occupation 


(present/absent) 


50/51 


Farm work 


(present/absent) 




Total SE 


(meaniSD) 


an 9 + 8 ^ 






Subscale (a/b) 




soc 






i. Precontemplation ii. Contemplation i 


. 6 ii. 13 iii. 17 iv. 7 v. 58 


iii. Preparation iv. Action 


V. Maintenance 




Total SS 


(meaniSD) 


647 i 12.8 






Subscale (a/b) 


(41.6i7.5 / 23.1i6.0) 


HbAlc 


(meaniSD) 


7.3 i 1.2 (%) 


TPA-IPAQ 


(meaniSD) 


9663.8 i 8482.6 (KJ) 



Table 2. Correlation coefficients between the TPA- 
IPAQ and each factor (n = 101) 



Correlation 

Factor coefficient 

(Spearman) 
Age -0.13 
BMI -0.14 
Number of household members 0.03 
Total SE 0.18 
Subscale a 0.14 
b 0.18 
SOC 0.25* 
Total SS 0.32** 
Subscale a 0.31** 

b 0.30** 

*p < 0.05, **p < 0.01 



nation of the correlations between the TPA-IPAQ and each 
variable revealed no significant correlation with age, BMI, 
number of household members, total SE, or SE subscale a or 
b, whereas a significant positive correlation was found with 
SOC, total SS, and SS subscales a and b (Table 2). Com- 
parison of TPA-IPAQ values among the two groups for each 
respective factor revealed significantly higher TPA-IPAQ 
values for male (vs. female) sex, married (vs. single) sta- 
tus, presence of employment (vs. absence), participation in 
farm work (vs. non-participation), absence of body pain (vs. 
presence), and presence of an exercise habit (vs. absence) 
(Table 3). 

From a stepwise multiple linear regression analysis us- 
ing the TPA-IPAQ as the objective variable, we selected 
participation or non-participation in farm work ((3 = 0.41, p 



Table 3. Comparison of the TPA-IPAQ values for each factor 
(n=101) 



Factor 




Number 

of 
patients 


TPA-IPAQ 
(meaniSD) 


Significant 
difference 


Sex 


Male 


53 


10975.1 i 83467 


* 




Female 


48 


8215.7 i 8481.0 




Marital 


Married 


83 


10392.2 i 8445.4 


* 


status 


Single 


18 


6305.3 i 8042.9 




Occupation 


Present 


50 


12395.1 i 9392.2 


** 




Absent 


51 


6986.0 i 6533.3 




Farm work 


Present 


21 


17203.4 i 9057.9 


*** 




Absent 


80 


7684.8 i 7157.6 




Body pain 


Present 


44 


8050.0 i 83207 


* 




Absent 


57 


10909.8 i 8467.6 




Exercise 


Present 


60 


10324.9 i 7758.0 


* 


habits 


Absent 


41 


8696.4 i 9460.0 





*p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant, Mann- 
Whitney U-test 



< 0.01), presence or absence of employment (P = 0.31, p < 
0.01), SOC (P = 0.20, p < 0.05), and SS (P = 0.17, p < 0.05) 
as significant variables (Table 4). The rate of explanation 
of the TPA-IPAQ by these variables was 34% (adjusted 
= 0.34). 

DISCUSSION 

We confirmed that the higher the physical activity level, 
the lower the HbAlc. This may have been explained by 
the fact that subjects with high physical activity levels had 
good glycemic control because exercise therapy promotes 
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Table 4. Multiple linear regression analysis using the TPA-IPAQ as the objcetixe \ariable (n^lOI) 





Partial regression 
coefficient 


Standardized 
partial regres- 
sion coefficient 


Significance 
probability 
(p-value) 


95% 

LCL 


CI 

UCL 


Constant 


-1387.58 




0.14 


-3218.31 


443.15 


Farm work 


2018.49 


0.41 


0.00 


1201.54 


2835.44 


Employment 


1244.62 


0.31 


0.00 


553.65 


1935.58 


SOC 


300.8 


0.20 


0.02 


47.23 


554.36 


Total SS 


27.33 


0.17 


0.04 


0.83 


53.82 



Coefficient of determination: R^=0.34. Coefficient of dispersion: p < 0.001. CI, confidence interval; LCL, lower 
confidence interval; UCL, upper confidence interval. 



glucose and free fatty acid utilization by skeletal muscles 
and ameliorates insulin resistance^^' in peripheral tis- 
sues (mainly skeletal muscle). However, the correlation 
between the TPA-IPAQ and HbAlc was weak, suggesting 
that glycemic control is affected partly by metabolic status 
and partly by other treatments (i.e., pharmacotherapy and 
dietary therapy). 

Univariate analysis of the relationships between the 
TPA-IPAQ and each variable revealed that physical fac- 
tors (sex, presence or absence of body pain, and presence 
or absence of an exercise habit) and psychosocial factors 
(SOC, marital status, presence or absence of employment, 
participation or non-participation in farm work, and SS) 
were significant variables. From the multiple linear regres- 
sion analysis, we selected participation or non-participation 
in farm work, presence or absence of employment, SOC, 
and SS from among these factors as independent variables 
associated with physical activity level. Farm work can be 
readily adopted not only as an occupation but also as a lei- 
sure-time activity^'*' and periodic participation in farm 
work can readily enhance physical activity-^^l Also, in those 
who are employed, physical activity levels can be elevat- 
ed'^^) through incidental exercise (walking briskly at work, 
increasing the time spent standing, walking to meet others 
instead of using the phone or email), both when commuting 
and at work. Thus those who are engaged in farm work or 
are employed are more likely than those who are not to be in 
an environment where it is easy to perform physical activ- 
ity, either intentionally or incidentally. Many of our subjects 
were rural inhabitants, suggesting that many of them were 
likely engaged in farm work as an activity, regardless of 
their occupation. For this reason, we included farm work 
as a specific psychosocial, rather than physical, factor. Al- 
though such factors are highly likely to have contributed to 
an increase in physical activity levels, we should take into 
account the fact that physical activity levels differ among 
types of farm work and types of occupation. 

As the SOC advanced, physical activity levels tended 
to be enhanced. The SOC scale was developed by apply- 
ing the transtheoretical model^**' to the stages of change in 
health-maintaining behaviors such as physical activity and 
exercise^'''. This scale consists^") of practical behavioral 
modifications in the past and present and the items used to 
measure the status of motivational readiness for such ex- 
ercise behaviors. According to Shimomitsu et al.''', as the 



SOC advances, subjective factors promoting exercise (e.g., 
stress relief, increased friend networks, recognition of the 
subject's abilities by other people) are enhanced, whereas 
subjective factors inhibiting exercise (feelings of exhaus- 
tion, sedentary habits among friends, and laziness) are 
diminished. Thus in a person at a high SOC, the barriers 
to physical activity have been removed, leading to higher 
physical activity levels. 

Physical activity levels tended to be enhanced as SS in- 
creased. According to Kim et al.^'', support from the pa- 
tient's family and other surrounding people has three roles. 
The first is to enhance motivation for treatment, the second 
is to maintain that motivation for a long period, and the 
third is to alleviate mental stress. Increased physical activ- 
ity levels hinge crucially upon the overcoming of barriers to 
conducting physical activity; involvement of support people 
during the therapy session so as to encourage the overcom- 
ing of these barriers; encouragement to do the physical 
activity; and enhancement of friends' support and family 
involvement'^' The more helpful the friends, family, and 
surrounding medical professionals, the more highly moti- 
vated toward exercise therapy and thus the more physically 
active the patient is likely to be. 

We concluded that those type 2 diabetes mellitus pa- 
tients who were in a state of higher physical activity after 
having completed the inpatient education program were 
characterized by the following: a social environment in 
which physical activity could more readily be achieved af- 
ter hospital discharge; greater understanding and expecta- 
tion of the added value and therapeutic effects of physical 
activity; and satisfaction with the emotional and behavioral 
support behind this understanding and expectation. These 
findings indicate that education via exercise therapy during 
an inpatient education program is not sufficient if it merely 
takes the form of advice to develop exercise habits or guid- 
ance in understanding exercise methods and having more 
confidence in the process. Taking it a step further, we need 
to think about how to achieve physical activity levels that 
suit each patient's lifestyle and foster subjective factors that 
promote exercise in individual patients, so that we are using 
as many such factors as possible as a means of education. 
Moreover, the patient's family should be encouraged to un- 
derstand the need for emotional and behavioral support. 

There were some limitations to our study. First, our sub- 
jects with type 2 diabetes mellitus had received guidance 
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on lifestyle modification during an inpatient education pro- 
gram; in addition, they had no physical or medical problems 
that restricted their activity. This suggests that our sample 
population had some level of knowledge of therapeutic be- 
havior and thereby could actively adapt to exercise therapy. 
If interventions are to be based on our findings, then fur- 
ther investigations will be required using subjects who have 
just been diagnosed with diabetes mellitus, those who have 
not had adequate therapeutic guidance since diagnosis, or 
those whose physical activity is restricted. Second, we used 
farm work as an independent variable that was most likely 
associated with physical activity levels. This was probably 
because our subjects included many rural inhabitants. Be- 
cause of the influence of such regional characteristics, other 
investigations need to be performed in other areas. 

We identified four variables — participation or non-par- 
ticipation in farm work, presence or absence of employ- 
ment, SOC, and SS — as independent variables strongly 
associated with physical activity levels. In conclusion, we 
suggest that, to increase physical activity levels and im- 
prove glycemic control in type 2 diabetes mellitus patients 
who have completed an inpatient education program, inter- 
vention in terms of practical use of the living environment, 
promotion of exercise behavior, and social support is effec- 
tive. On the basis of the indices obtained here, we intend 
to plan a longitudinal study and to continue our survey to 
assess the effects of our program in the future. In addition, 
the factors that were not extracted here in the multiple lin- 
ear regression analysis need continuing investigation, on 
the assumption that they do have some association with in- 
creased physical activity levels. 
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